To assess the use of surgical procedures by tumor location and compliance with adjuvant therapy recommendations by tumor stage. The study was conducted in a population-based setting to identify target patient groups for improved care.
Methods
Information about primary, invasive rectal adenocarcinomas diagnosed between 1994 to 1996 in 13 California counties was obtained from the regional cancer registry. Tumor location, determined from abstracted medical text, was divided into the upper, middle, and lower rectum. Hospitals were characterized by teaching status, number of beds, and cancer center designation. Surgeons were categorized as general or colorectal surgeons. Factors associated with a higher use of LAR versus APR in patients with middle and lower rectum tumors and factors associated with a higher use of NIH-recommended therapy in patients with stage II and III disease were separately analyzed.
Results
Among 637 eligible patients, APR was used in 22% of those with middle rectum tumors and 55% of those with lower rectum tumors. Factors significantly associated with a higher use of LAR included female gender, middle rectum location, and treatment in a major teaching hospital versus a nonteaching hospital. Recommended therapy was received by 44% of patients with stage II disease and 60% of those with stage III disease. Factors significantly associated with higher compliance with NIH recommendations included age younger than 60 versus older than 75, age 60 to 75 years versus older than 75, tumor location in the middle or lower rectum versus the upper rectum, stage III disease, and treatment at a teaching hospital versus a nonteaching hospital.
Conclusions
Patients with similar rectal cancers receive different treatments independent of tumor stage or location. This may result in more APRs performed for middle and lower rectum tumors than necessary and less adequate treatment for stage II and III tumors than recommended. 20th century. In 1940 more than 80% of patients with rectal cancer were treated with an abdominoperineal resection (APR), a procedure that involves removal of the entire rectum and anus, resulting in a permanent colostomy; now APR is performed in only 20% to 30% of patients. 2 Data from these studies showed no significant difference in overall patient survival rates or local recurrence rates when similar tumors were resected with an APR or a low anterior resection (LAR), a less radical procedure that removes only a portion of the rectum, allowing restoration of bowel continuity. [3] [4] [5] [6] [7] [8] [9] In addition, large randomized trials have shown that adjuvant radiation therapy and chemotherapy decrease local recurrence rates and increase disease-free survival rates for many rectal cancers. 10 -16 The strength of such evidence resulted in a 1990 National Institutes of Health (NIH) Consensus Development Conference statement concluding that patients with stage II and III rectal cancer, defined as invading beyond the submucosa or involving regional lymph nodes, should be treated with a combination of surgical resection, chemotherapy, and radiation. 17 Despite these developments, complication and death rates from rectal cancer remain high. One possible explanation lies in the variable application of available therapies. Variation in therapy use has already been shown in rectal cancer, among many other diseases. 18 -25 Surgeons with different types of training and institutions with varying volumes of patients with cancer provide rectal cancer care. We hypothesized that similar patients with similar tumors would receive different treatment depending on where and from whom they seek treatment, and some of these variations in treatment potentially represented suboptimal patient care.
Prior studies have attempted to identify the nature of therapy variations, but these have several general limitations. Large population-based studies (i.e., the National Cancer Data Base reports from the American College of Surgeons Committee on Cancer and the American Cancer Society) show the variation in rectal cancer therapy over time but often lack the clinical information needed to interpret these variations. For example, one of the most important clinical elements in understanding surgical rectal cancer therapy is tumor location within the rectum, information that is rarely available in population-based studies. However, institution-specific studies, which do often contain more clinical information, are not reflective of practices in a general population. Ideally, a study examining both general therapeutic practices and sources of practice variation would combine the clinical information needed to interpret variation with a population-based setting, thus allowing evaluation of appropriate therapy delivery to all relevant members of a population.
The purpose of this study was to assess the use of surgical procedures and adjuvant therapy in the initial treatment of patients with rectal cancer and to identify patient, hospital, and surgeon characteristics associated with certain variations in treatment patterns. Two specific patient groups were separately examined for treatment variation: patients with middle and lower rectal tumors for greater use of LAR versus APR, and patients with stage II and III disease for greater compliance with recommended therapy as outlined by the 1990 NIH Consensus Conference.
METHODS

Case Identification
The study design was a cross-sectional analysis of all incident cases of rectal cancer collected by the Cancer Surveillance Program, Region 3, of the California Cancer Registry during a 3-year period. The area encompassed 13 urban and rural counties around Sacramento. The area's population was estimated at 2.8 million people in 1995. 26 The annual age-adjusted incidence of cancer in the rectum and rectosigmoid in this region between 1992 and 1996 was 15.4 per 100,000 population for men and 9.3 per 100,000 population for women. 26 Cases were documented in the registry by patient residence, even if medical care was sought outside the region. California state law mandates case reporting, and cases are reported to the Cancer Surveillance Program by hospitals approximately 6 months after diagnosis, allowing time for completion of initial therapy. The California Cancer Registry estimated more than 98% complete ascertainment of nonprostate cancer cases for 1996. 27 All patients with rectal cancer diagnosed between January 1 1994, and December 31 1996, and reported to the Cancer Surveillance Program before October 1998 were identified. Exclusion criteria included recurrent rectal cancer, carcinoma in situ, primary location coded to rectosigmoid or anus, and histology not consistent with adenocarcinoma. Stage at diagnosis for all patients was assigned in accordance with American Joint Committee on Cancer (AJCC) criteria. 28 Because of the presence of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program in California, all cancer registry cases are staged in accordance with the SEER-stipulated Extent of Disease criteria. Hospitals designated as American College of Surgeons-approved cancer centers additionally report AJCC staging. Cases for which AJCC staging was not originally reported were converted to AJCC staging with a computer software application provided to the registry by SEER. 29 The regional registry conducted a study evaluating this application's accuracy and found approximately 90% concordance with cancer registrar staging. 30 In addition to stage at diagnosis, patient age, gender, and race were known for each case. Information involving personal or family medical history is not collected by the Cancer Surveillance Program. Treatment variables included type of surgical procedure, reason for no surgery, receipt of radiation therapy, sequence of radiation relative to surgery, and receipt of chemotherapy. Surgical procedure was coded in one of the following categories: local excision, local destruction, LAR or other segmental proctectomy, total proctectomy (APR), proctectomy with en bloc resection of other organs, and surgery not otherwise specified. 31 Several procedures were combined into an "other procedures" category because they either were not performed for curative intent (e.g., local destruction) or were not uniform in the type of procedures described (e.g., surgery not otherwise specified or proctectomy with resection of other organs). All coded therapy was considered part of the first comprehensive treatment course directed at this specific cancer. Dichotomous variables for receiving chemotherapy or radiotherapy were used because detailed information on either treatment regimen was not available. Information on chemotherapy may be missing in some patients because this may be administered solely in an outpatient setting.
Tumor Location
Beginning with all patients reported in November 1994, abstractions from patient admission, surgery, radiology, endoscopy, and pathology reports found in the medical chart were stored electronically as text fields by the state registry. Their purpose was to document all diagnostic findings that describe the tumor as fully as possible. To assess the abstractions' utility in providing specific tumor location information, a random set of text fields was sampled before conducting the study. This data showed that tumor location could be confidently assigned in 86% of patients. The primary author reviewed the reports for each patient in the study. Tumor location assignment was made only if one of the following was present within the text field entries: a measured distance to the tumor from a defined reference point; a direct reference to the upper, middle, or lower rectum; or an unambiguous description of anatomic location. Examples of the latter included "tumor involving the sphincter" and "directly inside the anal verge." Tumor location was not assigned if the available descriptions did not clearly indicate location. Tumor location identification was most often derived from surgery or endoscopy notes. When reports provided conflicting information, priority was given to sources in the following descending order: intraoperative observations, pathology specimen, rigid endoscopy, flexible endoscopy, physical examination, and radiologic procedures. This ranking was used to reflect known discrepancies between the tools used to describe rectal tumor location. The anal verge was selected as the standard reference point for all measurements of tumor distance from the anus. 32 One additional centimeter was added to all measurements identifying other reference points (e.g., dentate line) to standardize tumor location. To lessen the effect of measurement inaccuracies, location designations were divided into the following categories: lower rectum (0 -5 cm), middle rectum (6 -10 cm), and upper rectum (11-15 cm from the anal verge).
Physician and Hospital Characteristics
The registry linked hospital and surgeon identifiers with specific characteristics for each patient in accordance with registry confidentiality policy. After confirmation of the primary surgeon affiliated with each patient, where possible, the registry coded the self-reported specialty of each surgeon from American Medical Association physician information, which is recorded regardless of association membership. 33 Specialty designations reflected only specialties with both relevance to rectal cancer therapy and separate board certifications. Therefore, general surgery and colorectal surgery were the two included specialties. Hospital characteristics were coded in four categories: number of beds, teaching status, location inside/outside Region 3, and designation as an American College of Surgeons-approved cancer program. Number of beds was calculated as an average for the 3 years of study and then categorized into three groups: 100 beds or less, 101 to 299 beds, and 300 beds or more. 34, 35 Teaching status was designated by the following four categories:
• Members of the Council of Teaching Hospitals: Membership is granted by the Association of American Medical Colleges to hospitals affiliated with an approved medical school and sponsoring a minimum of four residency programs, at least two of which must be in medicine, surgery, obstetrics/gynecology, pediatrics, psychiatry, or family practice. This designation includes most major academic medical centers.
• Major teaching hospitals: This category includes non-Council of Teaching Hospital members that sponsor at least four residency programs, two of which are internal medicine and surgery.
• Minor teaching hospitals: These institutions sponsor or participate significantly in fewer than four residencies and do not participate in both an internal medicine and general surgery residency.
• Nonteaching hospitals: These hospitals have no affiliation with a medical school or residency program. 34 -37 Location of primary treatment at a facility inside or outside Region 3 was noted. Designation as an American College of Surgeons-approved cancer center was dichotomous, with no differentiation between types of approval status. 34, 35 
Statistical Analysis
The use of surgical procedures and adjuvant therapy was evaluated with patient, surgeon, and hospital characteristics using the Pearson chi-square test for categorical variables and the Student t test or analysis of variance for continuous variables. Separate analyses were performed with relevant subsets of the data to examine associations with higher use of desirable treatment modalities. Thus, patients with middle and lower rectum tumors were assessed for greater use Vol. 234 • No. 5
Surgical and Adjuvant Therapy in Rectal Cancer of LAR rather than APR, and patients with stage II and III tumors were assessed for greater use of NIH-recommended therapy. To verify the significance of associations identified in bivariate analysis, logistic regression models were used to adjust for related factors. Again, separate models with reduced data subsets were used. Odds ratios for undergoing a LAR rather than an APR were calculated, evaluating only patients with tumors of the middle or lower rectum treated with LAR or APR (n ϭ 237). Similarly, odds ratios for receiving NIH-recommended therapy were derived including only stage II and III patients in the model (n ϭ 291).
Within the recommended therapy model, inclusion of tumor location as an independent variable further reduced the available number of observations (n ϭ 194). Both the full and reduced models were evaluated, and no appreciable change in the estimates for the other included variables was detected between the two models. Therefore, the reported odds ratios and confidence intervals reflect the full model, except for odds ratios regarding tumor location. Because of multiple testing performed for certain outcomes, values of P Ͼ 0.01 were interpreted more cautiously. Analytic tests were performed with Stata 5.0 software (STATA Corp., College Station, TX).
RESULTS
Characteristics
During the 3-year study, 740 patients with primary, invasive rectal cancer were reported among the Region 3 population. Those excluded based on pathology consisted of 34 carcinoid tumors, 3 malignant lymphomas, and 4 squamous cell carcinomas. Twenty-five patients staged by the computer conversion program as having in situ carcinoma by AJCC criteria were also excluded. Finally, 37 patients could not be definitively staged despite manual review of the charts at the registry and were excluded. A total of 637 patients remained for analysis. A set of descriptive text fields was available for 497 patients. Tumor location could be determined from these text fields in 407 patients (82%). A total of 65 hospitals were represented as sites of primary treatment for the study patients. Table 1 describes the study patients by patient, tumor, hospital, and surgeon characteristics.
Tumor stage and location followed distribution patterns reported elsewhere in that tumors appeared to be more prevalent in the lower and middle rectum. 24, 38 Importantly, no difference in distribution of disease stage was found among the three areas of the rectum. The identity of the operating surgeon was available in 440 instances (69%). A general surgeon treated three quarters of the patients for whom a surgeon was identifiable. Table 2 describes the patient characteristics associated with surgeons by specialty. Average patient age was highest among those on whom a general surgeon operated. Although tumor stage distribution was equivalent by surgeon specialty, colorectal surgeons treated more tumors located in the lower rectum compared with general surgeons. Lastly, patients on whom colorectal surgeons operated were affiliated with teaching hospitals and large hospitals in a greater proportion than patients on whom general surgeons operated.
Current Use of Surgical Procedures and Adjuvant Therapy
The types of surgical procedures performed and adjuvant therapy received for the initial treatment of rectal cancer are (25) shown in Table 3 . The results are stratified by stage and location of disease. A surgical intervention was part of treatment for 575 (90%) patients. With the exception of local excision in stage I disease and no surgery in stage IV disease, LAR and APR made up the predominant surgical treatments. Even in stage I disease, LAR and APR combined accounted for nearly 60% of resections. Use of the procedures in patients with stage II and III disease was essentially equal. Unlike stage, tumor location had a considerable impact on the type of procedure performed. The proportion of patients undergoing local excision increased with greater proximity of the tumor to the anal sphincter, as did proportional use of APR. In the upper rectum, where resection should be technically feasible without compromising the anal sphincter, no tumors were removed with an APR. In the middle rectum, where theoretically the most potential for reducing the number of sphincter-ablating procedures exists, 22% of tumors overall were removed by APR. More than half of lower rectal tumors were resected with an APR.
Colorectal surgeons performed fewer APRs for middle rectal tumors than general surgeons. Among operations performed by colorectal surgeons, resection of middle rectal tumors occurred by LAR in 57%, APR in 13%, local excision in 17%, and another procedure in 13%. In contrast, patients treated by general surgeons underwent LAR in 57%, APR in 29%, local excision in 9%, and another procedure in 5%. However, the differences between specialties did not achieve statistical significance in this sample of 108 middle rectal tumors with known surgeon specialty (P ϭ .18).
More than 93% of patients with stages I, II, or III disease underwent surgical resection. Of the 62 patients of all stages who did not undergo surgery, there was no physician recommendation for surgery in 46 (74%). More than 75% of patients without a physician recommendation were classified as having stage IV disease. Other reasons for not having surgery included patient or family refusal (15%) and the presence of a medical contraindication (3%). In four patients (6%), a physician recommendation for surgery was present in the medical record, but it was unknown whether the patient ultimately received surgical treatment elsewhere. Table 3 also shows the proportion of patients receiving radiation therapy or chemotherapy by stage and location of tumor. Slightly more than 50% of patients with stage II tumors received radiation or chemotherapy; these therapies were applied in greater proportion to patients with stage III disease. Differential application of adjuvant therapy was also evident by tumor location. Therapy use increased for the middle and lower rectum tumors compared with the upper rectum, despite equal distributions of disease stage for all three areas of the rectum. Of the 236 patients who underwent radiotherapy within this sample, 72% received radiation after surgery, 17% before surgery, and only 1% both before and after surgery. The sequence of therapy was unknown for the remaining 10% of patients receiving radiation.
Therapy combinations for individual patients with stage II and III disease were examined to assess accordance with NIH Consensus Conference recommendations. Patients with stage III disease received recommended therapy in significantly higher proportions than those with stage II disease (P Ͻ .01). Of 136 patients with stage II disease, 44% received a combination of surgery, radiation, and chemotherapy in accordance with NIH recommendations. In 159 patients with stage III disease, 60% underwent combined surgery, radiation, and chemotherapy. As a comparison, surgery without any adjuvant therapy was reported in 38% of stage II patients and 28% of stage III patients.
Factors Associated With Higher Use of Low Anterior Resection in Middle and Lower Rectum
Comparisons between patients treated with LAR or APR for middle or lower rectal cancer showed no significant differences between the two groups in mean patient age, race, tumor stage distribution, surgeon specialty, or hospital characteristics. Female gender was associated with higher use of LAR in that 52% of the women with middle or lower rectum tumors underwent LAR versus 38% of the men (P ϭ .04). As expected, tumor location bore the strongest correlation with type of surgical resection: LAR was used in 71% of middle rectum tumors and 19% of lower rectum tumors (P Ͻ .001).
Tumors treated by general surgeons and colorectal surgeons were resected with LAR in 42% and 43% of middle and lower rectal tumors, respectively. To evaluate whether a practice difference existed between the specialty groups for performing sphincter-sparing procedures versus sphincter-ablating procedures, analysis was repeated defining sphincter-sparing procedures as LAR or local excision and sphincter-ablating procedures as APR. Again, no significant difference emerged, with 46% of patients operated on by a general surgeon undergoing a sphincter-sparing procedure compared with 51% of patients operated on by a colorectal surgeon among middle and lower rectal tumors (P ϭ .64). In middle rectal tumors, 66% of patients operated on by a general surgeon and 74% of those operated on by a colorectal surgeon underwent a sphincter-sparing procedure (P ϭ .14). In lower rectal tumors, 26% of patients operated on by a general surgeon and 39% of those operated on by a colorectal surgeon underwent a sphincter-sparing procedure (P ϭ .34).
Finally, a greater proportion of patients at teaching hospitals and at large hospitals underwent a LAR. At nonteaching hospitals, 38% of patients with middle and lower rectal tumors were treated with LAR compared with 49% at minor teaching hospitals, 59% at major teaching hospitals, and 44% at Council of Teaching Hospitals members (P ϭ .11). At hospitals smaller than 100 beds, 33% of patients underwent LAR, contrasted with 38% at hospitals with 101 to 299 beds and 50% at hospitals larger than 300 beds (P ϭ .15).
Adjusted odds ratios (OR) relating these factors with the use of LAR over APR in patients with middle or lower rectal tumors are presented in Table 4 to verify the validity of these associations. The odds that a woman with a middle or lower rectal tumor underwent LAR rather than APR were twice that of a man (OR ϭ 1.99) after adjusting for patient age, tumor stage, hospital characteristics, and surgeon specialty. Stage of disease did not substantially influence use of LAR over APR. Tumor location functioned as the most influential determinant of procedure type: middle rectal tumors were 19 times more likely to be resected with LAR Surgical procedure category 'other' includes local destruction, proctectomy plus en bloc resection of another organ, and surgery not otherwise specified. Patients could receive radiation and chemotherapy alone or in combination; therefore percentages in the adjuvant therapy column do not equal 100%.
than lower rectal tumors. For the patients with both known surgeon specialty and tumor location and thus available for this analysis, surgeon specialty did not significantly affect the type of procedure performed. Lastly, the only hospital characteristic that appreciably affected higher use of LAR was teaching status. Patients treated with LAR rather than APR were more than five times more likely to be treated at a major teaching hospital (OR ϭ 5.19) than at a nonteaching hospital (OR ϭ 1.0) or a minor teaching hospital (OR ϭ 1.03). This finding, however, did not extend to patients treated at Council of Teaching Hospitals members (OR ϭ 0.43).
Factors Associated With Higher Use of Recommended Therapy in Stages II and III
A similar but separate evaluation was performed for the higher use of NIH-recommended therapy in treating stage II and III rectal tumors. The most remarkable association was that of increasing age with decreasing compliance with recommended therapy. For patients younger than age 59, 73% received recommended therapy, in contrast to only 25% of patients older than age 76. Therefore, even among the youngest patients, one in four did not receive recommended therapy. Patient gender did not appear to influence compliance: 56% of men and 48% of women received NIH-recommended therapy (P ϭ .15). Patient race was not significantly associated with a higher use of recommended therapy. As noted previously, an increased accordance with recommended therapy in patients with stage III disease (60%) compared with stage II disease (44%) was evident (P Ͻ .01). Patients with stage II and III tumors in the upper rectum were treated with recommended therapy 36% of the time, compared with 55% of those with middle rectal tumors and 59% of those with lower rectal tumors (P ϭ .09).
The NIH-recommended therapy was given to 67% of patients treated in minor teaching hospitals and 63% of patients treated in major teaching hospitals, compared with 48% of patients treated in nonteaching hospitals and 36% of patients treated in Council of Teaching Hospitals members (P ϭ .03). Average patient age, tumor stage distribution, or tumor location distribution, none of which differed significantly between institutions grouped by teaching status, did not explain these differences in compliance. Although not statistically significant, greater proportions of patients received recommended therapy at larger hospitals and at American College of Surgeons-approved cancer centers. Table 5 lists the OR for compliance with NIH-recommended therapy after adjustment for other independent variables. Patients receiving recommended therapy were four times more likely to be age 60 to 75 (OR ϭ 4.2) compared with older than 76, using the older-than-age-76 patients as the reference group. The adjusted OR of getting recommended therapy was nearly 10 times greater for patients younger than age 60 (OR ϭ 9.52) than that of patients older than age 76. Use of recommended therapy was 2.5 times more likely in patients with stage III tumors compared with those with stage II tumors. Application of NIH treatment recommendations was more than three times as likely in patients with middle (OR ϭ 3.34) or lower (OR ϭ 3.22) rectal tumors than in patients with upper rectal tumors. Lastly, patients receiving recommended therapy were twice as likely to be treated at minor teaching hospitals (OR ϭ 2.60) or major teaching hospital (OR ϭ 2.35) than at nonteaching hospitals. The difference between major teaching hospitals and nonteaching hospitals did not quite reach statistical significance, but major and minor teaching hospitals appeared similar in their treatment records. In contrast, Council on Teaching Hospital members displayed a lower use of recommended therapy and did not mirror the practice pattern seen at other teaching hospitals. The number of cases treated at Council of Teaching Hospitals institutions was too small in this sample to allow definitive conclusions to be reached; nevertheless, the differences 
DISCUSSION
This description of surgical and adjuvant rectal cancer therapy confirms that patients with similar tumors may receive different procedures or treatment modalities independent of tumor location or stage. This study identifies certain patient groups that may have decreased access to optimal therapy, warranting a reevaluation of practice patterns. Finally, this research highlights the strengths and limitations of cancer registry data and helps to identify which information is most important in interpreting rectal cancer care within a population.
Interpreting the use of surgical procedures for this population is difficult because the appropriateness of the individual procedures cannot be determined. Arguably, all middle rectum tumors and some lower rectum tumors can be resected with either APR or LAR. The ultimate choice of procedure, therefore, rests with the individual surgeon, and the considerations in this decision-making process are not known. These include, among others, the technical feasibility of obtaining adequate resection margins and of reconstituting bowel continuity, the patient's overall health status, and the patient's preoperative anal sphincter function. Historical comparisons thus serve as the closest standard against which to judge the use of surgical procedures within a population. The American College of Surgeons Committee on Cancer case reviews showed that 29% of the patients with rectal cancer seen at 943 U.S. centers in 1983 underwent APR, as did 25% of the patients in 1988. These statistics, however, included patients with in situ and unknown-stage disease, which may lower the proportions of APR. A concomitant 5% increase in the number of LAR procedures was seen. 25 Our study indicates that 31% of patients with stages I through IV disease underwent APR, suggesting that there has been no significant change recently in the overall application of APR. The large populationbased studies reporting patients from the 1980s and early 1990s did not indicate therapy by tumor location, information needed to gauge the use of APR among middle rectal tumors. To obtain this information, institutional series comparing recurrence and survival rates in patients after APR or LAR, which sometimes reflect surgical therapy by tumor location, must be sought. Thirty-eight percent of tumors located within 5 to 7 cm of the anal verge and occurring between 1980 and 1991 were resected with APR, according to a Cleveland Clinic study. 39 In two European reports, 40% to 50% of middle rectum tumors were resected with APR. 40, 41 This contrasts with 22% of patients with middle rectal tumors who underwent APR in our study.
Examining surgical procedures by stage and location shows potential areas for further reduction in the use of more radical procedures. For instance, nearly 60% of patients with stage 1 tumors in this study underwent either APR or LAR, implying use of relatively radical procedures for early-stage disease. Improved preoperative staging through endorectal ultrasound may decrease the use of these procedures. Increased future use of preoperative radiation may reduce the need for APR to resect middle rectum tumors. Within this population, only 17% of irradiated patients were known to receive this therapy before surgery.
Both historical comparisons and guidelines such as the NIH Consensus Conference statement aid the interpretation of adjuvant therapy use. A dramatic increase in the use of adjuvant therapy was evident in this study. The combination of surgery, radiation, and chemotherapy was used in 20% of patients with stage II disease and 35% of those with stage III disease from U.S. treatment centers reporting to the National Cancer Data Base in 1990. 24 The current study showed that NIH-recommended therapy was given in 44% of patients with stage II disease and 60% of those with stage III disease. This suggests a diffusion of knowledge and adoption of practice since the publication of the 1990 NIH Consensus Conference report. Despite these improvements, the administration of adjuvant therapy for patients with stage II and III disease, as recommended by these guidelines, presumably still falls short of desired levels. This consensus conference did not state specific contraindications to its recommendations. Clearly, not every patient with stage II or III rectal cancer is a candidate for or agreeable to all three therapies. Because this patient information is not known, it is impossible to estimate an ideal compliance rate for this population. Nevertheless, because there are no clinically justifiable reasons to treat stage II patients less aggressively than stage III patients, the stage II compliance rate should be at least that of stage III. There were no differences in patient age, hospital characteristics, or tumor location between stage II and III patients in this study to explain discrepancies in the compliance rate. Clinicians need to emphasize increasing therapy compliance among patients with stage II rectal cancer as an opportunity to reduce the death and complication rates of this disease.
The disparity in compliance rates by tumor location provides another opportunity to reevaluate rectal cancer treatment. This study showed that patients with stage II and III tumors in the middle or lower rectum were significantly more likely to receive NIH-recommended therapy than those with tumors in the upper rectum. To test whether this finding reflects data suggesting that upper rectum tumors respond more like sigmoid colon lesions rather than rectal cancers and therefore do not warrant radiation therapy, a different criterion of appropriate care was defined and applied to these patients. These criteria would accept, for patients with stage III upper rectal tumors, either NIHrecommended therapy or surgery plus chemotherapy and, for patients with stage II upper rectal tumors, either NIHrecommended therapy, surgery alone, or surgery plus chemotherapy. The NIH-recommended therapy would continue to serve as appropriate care for patients with middle and lower rectal tumors. Applying this new standard, the disparity in compliance between patients with stage II and III tumors was narrowed: now 51% of patients with stage II disease and 62% of those with stage III disease would be considered in compliance with this standard. The previously noted difference in compliance by tumor location was no longer present. Compliance with this broadened standard was found in 59% of patients with lower, 55% of middle, and 64% of upper stage II and III rectal tumors. However, among the 19 patients with known stage III disease in the upper rectum, 42% underwent surgery alone and would not be considered as having appropriate therapy by either definition.
By delineating dissimilarities in treatment, this study focuses attention on certain patient groups who may not be receiving optimal therapy. The stark difference in receipt of adjuvant therapy between younger and older patients certainly warrants continued investigation. The degree to which medical contraindications or patient refusal justifies this difference should be relatively easy to document and quantify, but the information is rarely available in larger studies. Further, investigation into the influence on medical decision-making of biased perceptions of the elderly not being able to tolerate or not wishing full treatment is needed. Studies specifically addressing cancer treatment outcomes in the elderly would also greatly help to interpret the appropriateness of care for this patient group.
The disparate use of APR by gender, although not a substantial difference, may offer an opportunity to reduce the use of this procedure. The Commission on Cancer report also documented the higher use of APR in men than in women. 25 One can speculate that this is a result of the greater technical ease in reconstituting bowel continuity in women because of the anatomic considerations of the pelvis. It has been anecdotally suggested that biased perceptions toward the acceptability of a colostomy by either gender may also play a minor role in this decision. To interpret rates of APR versus LAR, more information on the factors influencing surgeons' decisions will need to be collected. Perhaps more importantly, a better understanding of which patient-centered outcomes are truly significant in rectal cancer care is merited.
The treatment site also influenced the type of procedure and receipt of adjuvant therapy in this study. A relatively strong association was found between the greater use of LAR in patients with middle and lower rectal tumors who were treated at major teaching institutions. A lesser association was found between higher use of combination therapy among patients treated at minor and major teaching hospitals. Similarly, larger studies such as that from the Commission on Cancer reported a greater use of sphinctersparing procedures at hospitals with higher cancer caseloads but did not find a significant variation in multimodality therapy by hospital characteristics. 25 Reasons for our findings include the slightly younger mean patient age at teaching hospitals, as well as the presumed likelihood of higher cancer case volumes and concentration of specialists. In a study of 683 patients undergoing LAR or APR at five general hospitals in Edmonton, Canada, between 1983 and 1990, 44% of patients underwent resection with APR. The study did not describe the procedure based on tumor location; however, it did show improved outcomes in patients who were operated on by both colorectal surgeons and surgeons performing more than 21 resections, the median number of resections performed by the surgeons during the study period. The study also showed that colorectal surgeons treated more patients with lower and middle rectal tumors but performed fewer APRs. 23 Although the finding that colorectal surgeons treated a larger proportion of patients with middle and lower rectal tumors with sphinctersparing procedures than general surgeons was also seen in our study, the difference did not achieve statistical significance. However, surgeon specialty and tumor location were the two variables with the most missing data points in this study. Power in a comparison involving both these variables simultaneously was reduced and was probably the reason that a clear difference between the two specialty groups could not be established or refuted in this study.
Finally, our study shows the advantages and limitations of cancer registry data. The study illustrates the clear importance of tumor location information in interpreting the use of rectal cancer therapy. This study marks the first time these electronic text fields, from which tumor location was extracted, were used for research purposes. Although tumor location was not known for all patients, these texts proved useful overall in providing information not commonly available in population-based data sources. All missing text fields belonged to patients from 1994, because this new information was not required before November 1994. Therefore, only 35% of patients diagnosed in 1994 had text fields present, and tumor location was indicated in 73% of these patients. In contrast, 100% of patients diagnosed in 1995 and 1996 had text fields available, and tumor location was discernible in 83% of these patients. All 1994 patients remained in the analysis because no difference in patient or tumor characteristics was present between 1994 patients with descriptive text fields and patients without text fields.
We did not seek to examine ultimate treatment outcomes (e.g., local recurrence or disease-free survival) because a primary goal was to reflect relatively current practices both within this population and across a broad spectrum of treatment centers. Region 3 encompassed 38 hospitals. In addition, 29 institutions outside Region 3 were represented in this study. Only 42 patients (7%) received primary treatment outside Region 3 facilities. The institutions described in this study truly represented the sites of primary treatment. For instance, only 8 of 575 patients receiving surgical treatment for rectal cancer were reported to the Cancer Surveillance Program by a hospital other than the institution performing the procedure. In those patients, the actual operating institution was not identified. The generalizability to current practice is further strengthened in that case reporting is mandatory. To our knowledge, this is the first rectal cancer therapy study to reflect surgical practice by tumor location within a population-based setting.
As in previous studies, a significant limitation of this research involves missing clinical information that influences medical decision making. Although a documented tumor location was known, certain patient characteristics and intraoperative findings that influence the choice of surgical procedure were not available. More thorough information on physician characteristics, reasons a treatment was not given, and patient payment status could feasibly be collected and would enhance this data source.
An additional limitation results from registry confidentiality policies toward individual institutions and physicians. Basic characteristics of the treating hospital and surgeon could be attributed to most patients, but case volume or case mix of individual hospitals or physicians could not be defined. This limits the comparisons that can be made between, and the conclusions that can be drawn about, particular characteristics of hospitals or surgeons. More accurate collection of physician identifier information by the registry would be important in enhancing its utility. In particular for investigating cancer treatments, it would be helpful if surgical oncology training could be recognized among surgeons, but no reliable means for doing this was identified for this study.
A final limitation is the potential for inaccuracies or underreporting inherent in all registries. The preference for using pathologic rather than clinical staging may result in understaging of patients receiving preoperative radiation. This was unlikely, however, to pose a substantial problem in this study because of the small number of patients irradiated before surgery. Among stage 1 patients who underwent APR or LAR, for example, only 6% had preoperative radiation. The practice of reporting patients within 6 months of diagnosis may cause some underreporting if adjuvant therapy is given long after surgery or if therapy is administered entirely outside a hospital setting, as occasionally occurs with chemotherapy.
Despite the potential flaws of cancer registry data, one of the more positive, far-reaching conclusions derived from this study is that cancer registries can be very valuable in compiling thorough information about populations with an emphasis on clinical detail not found in most administrative databases. In recent years, cancer registries have expanded their role beyond cataloging patients with cancer for epidemiologic purposes to becoming repositories of clinical, treatment, and outcome data. Registries will serve a broader role in evaluating the care of patients with cancer as more detailed treatment and outcome information is collected. Ideally, we can improve the care and survival of current patients with cancer by using such data to investigate which patients are not receiving optimal therapy and why such variations in practice exist.
